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Methods . Current dietary restraint, disinhibition, and hunger were assessed using the Eating Inventory in 1252 nonsmoking women aged 55 to 65 years. In addition, subjects reported the presence or absence of 22 specific morbidities, along with general demographic information. Logistic regression was used to examine associations between eating behavior scores and morbidity, adjusting for age, prior smoking status, hormone replacement therapy, education level, and body mass index (BMI).
Results . In adjusted models excluding BMI, higher disinhibition scores were associated with small increased risks for hypercholesterolemia (odds ratio [OR] 1.04, p ϭ .045), leg cramps (OR 1.05, p ϭ .044), indigestion (OR 1.06, p ϭ .020), and cataract (OR 1.09, p ϭ .036), and a decreased risk of eczema (OR 0.91, p ϭ .008). In addition, higher hunger scores were associated with increased risk of eczema (OR 1.09, p ϭ .026). However, after adjusting for confounding variables plus BMI, higher disinhibition scores were associated with increased risks for low back pain (OR 1.06, p ϭ .031) and constipation (OR 1.10, p ϭ .004), and associations of disinhibition and hunger with eczema were unchanged (OR 0.90, p ϭ .008 and OR 1.09, p ϭ .024, respectively). Dietary restraint was not associated with morbidity in any model.
Conclusions .
Higher disinhibition and hunger scores were associated with small alterations in reported morbidity risk in a large population of nonsmoking older women. Although our cross-sectional study design makes the directionality of these relationships unclear, our results suggest at most a relatively minor independent influence of eating behavior constructs on long-term health.
ATING behavior" is a general term that describes an individual's attitudes toward and relationships with eating and food. There is increasing recognition that eating behavior may have an important impact on both dietary intake and physiology. However, the extent to which eating behavior influences long-term health has received little attention.
Much of the work to date regarding eating behavior and health has focused on dietary restraint, which is one of three eating behavior constructs defined by the Eating Inventory (EI) of Stunkard and Messick (1) . Dietary restraint refers to the tendency to consciously restrict food intake either to prevent weight gain or to promote weight loss by control over both energy intake and types of foods eaten (2) . The EI also quantifies disinhibition, which refers to the tendency to overeat in the presence of palatable foods or other stimuli, such as emotional distress (3), and hunger, which refers to perceived body symptoms that signal the need for food (3) . High levels of dietary restraint and disinhibition appear to be relatively common. For example, large surveys conducted in German and U.S. adult populations indicate a 20% to 38% prevalence of high dietary restraint scores (4-6) and a 46% prevalence of high disinhibition scores (7); however, to our knowledge, there is little information on the prevalence of high hunger scores as assessed by the EI.
Previous work examining eating behavior and morbidity has been confined mainly to analyses of short-term outcome measures in young and middle-aged subjects. For example, studies using the EI have found higher dietary restraint scores to be associated with higher urinary cortisol excretion (8) , lower insulin and norepinephrine concentrations (9) , and higher triacylglycerol values (10). Higher disinhibition and hunger scores, along with lower restraint scores, have also been associated with a poor health-related quality of life (11, 12) . Although few studies have examined eating behavior and morbidity using longer-term measures, associations of higher dietary restraint scores with subclinical ovulatory disturbances (13, 14) and lower bone mineral content (15) have also been reported in young women. In contrast, prior work from our laboratory (16) did not find a relationship between dietary restraint scores and detrimental effects in a range of short-and long-term physiological and metabolic characteristics in postmenopausal women. However, there are concerns with a number of these studies that make their conclusions uncertain. In particular, the relatively small sample sizes of many of the studies, including our own, limits their interpretation. Furthermore, the impact of eating behavior patterns on specific long-term indicators of health may not be apparent in younger subjects, nor is it clear that eating behavior has an effect on health indepen-"E Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/57/2/M128/547922 by guest on 07 July 2018 dent of its reported association with body mass index (BMI) and obesity (2, 17, 18) .
We therefore conducted a cross-sectional, descriptive study in a large population of older women to test the hypothesis that higher dietary restraint, disinhibition, and hunger scores are associated with a greater likelihood of selfreported morbidity.
M ETHODS

Subject Recruitment and Data Collection
As described previously (17) , subjects aged 55 to 65 years were asked to participate in a study described as examining nonspecified eating patterns and health, and those willing to participate were mailed an informed consent form and two questionnaires, the EI and a health history questionnaire (HHQ). A total of 2042 women (representing a response rate of approximately 60%) completed both questionnaires. Details of the study population are given in Table 1 .
The EI consists of 36 true/false and 15 multiple-choice questions, with three separate groups of questions used to calculate the three constructs' (restraint, disinhibition, and hunger) scores. Higher scores reflect a greater tendency to exhibit that particular eating behavior characteristic. Questionnaires were scored according to published guidelines (1); however, to compensate for missing answers on some returned questionnaires, proportional scores were calculated for each eating behavior scale as described elsewhere (17) . Only subjects who had completed Ն 80% of each EI subscale were included in the analyses.
Information obtained using the HHQ included height, weight, general demographic and lifestyle parameters, and the presence or absence of 22 specific health conditions. The morbidity prevalence in our population was generally similar to the morbidity prevalence in a recent national survey of women aged 45 to 64 years for whom comparable data were available (19) .
BMI (kg/m 2 ) was calculated from reported height and weight. In addition, associations of eating behavior with subject-reported blood pressure and total cholesterol values were examined in a subset of respondents who supplied this information ( n ϭ 584 for blood pressure; n ϭ 494 for cholesterol). Reported height, weight, blood pressure, and total cholesterol values were validated in approximately 5% of the sample as part of a separate study (16) , and differences between reported and measured values were not significant (all p Ͼ .18 by paired t test).
For the main analyses, 137 subjects were excluded because they were current smokers, and 34 subjects were excluded because of egregiously incomplete EI questionnaires. In addition, 546 subjects were excluded because of missing health or demographic information, and another 73 subjects were excluded because of reported bulimia, anorexia nervosa, or binge eating patterns. The final sample size was 1252 and was predominantly (95%) white. Ethical approval was given by the New England Medical Center/Tufts University Human Investigations Review Committee.
Statistics
Statistical analyses were performed using SPSS 10.0.7 for Windows and SYSTAT 9.0.1 (SPSS, Chicago, IL). Logistic regression was used to examine relationships between eating behavior and each specific morbidity. In general, regression models considered the influence of dietary restraint, disinhibition, and hunger scores, the interactions between these eating behavior variables, as well as several potential confounding variables (listed below). Examination of the continuous variables in each analysis using normal probability plots failed to reveal any serious departures from normality. Outliers were investigated using the SPSS Explore procedure but were not excluded because their influence on analytic outcome was minimal. The goodnessof-fit of each logistic regression model was checked using Hosmer and Lemeshow's test ( p Ͼ .05 for all models presented).
Both main effects and interactions between eating behavior variables were examined; however, interaction terms were not significant in any model examined and were not included in the final analyses. Analyses were performed with covariates of current age (year), prior smoking status (never/ever), current hormone replacement therapy (no/ yes), postsecondary education level (low ϭ none, vocational school, two-year junior college/high ϭ four-year college, graduate, or professional school), and both with and without current BMI. These specific covariates were chosen because of their likely association with both eating behavior and morbidity in this population.
Multiple linear regression was used to analyze relationships between eating behavior variables and reported blood pressure and cholesterol values. Again, both main effects and interactions between eating behavior variables were examined, and analyses were performed both with and without current BMI, in addition to the covariates listed above. For these analyses, a backward stepwise procedure was used to determine the best set of predictors for each dependent variable.
R ESULTS
Two sets of analyses were performed, with one set adjusting for age, prior smoking status, current hormone replacement therapy, and education level, and a second set adjusting for these variables plus BMI. This procedure was adopted to examine associations of eating behavior both with and without adjusting for BMI, which has been shown to be independently associated with eating behavior (17, 20, 21) . In the present study, higher disinhibition scores were associated with higher current BMI (partial r ϭ .33, p Ͻ .001), and dietary restraint, although not independently significant (partial r ϭ .04, p ϭ .130), attenuated the relationship between disinhibition and BMI (interaction term partial r ϭ Ϫ .13, p Ͻ .001). Detailed results of the analysis of eating behavior and BMI are described elsewhere (17) . Significant models unadjusted for BMI are shown in Table 2. Disinhibition was associated with an increased likelihood of hypercholesterolemia, leg cramps or pain, indigestion/hiatal hernia/heartburn, and cataract, whereas hunger was associated with an increased likelihood of eczema. Disinhibition was also associated with a decreased likelihood of eczema. Dietary restraint was not associated with any reported morbidity (all p Ͼ .055). Figure 1 illustrates the significant associations between eating behavior variables and reported morbidity, after adjusting for the confounding variables listed above (except BMI). In this figure, each OR has been standardized to reflect a 1-standard-deviation (SD) increase in the corresponding eating behavior subscale (for example, each disinhibition OR reflects a 4.1-point increase in this 16-point subscale). The use of standardized ORs allows a more direct comparison of the relative impact on morbidity of independent variables that are measured using different scales.
Regression models in which BMI was considered as an additional possible confounding variable are shown in Table 3. For several diseases, eating behavior variables were no longer significant once BMI was added to the model, suggesting that the influence of eating behavior on these health conditions is mediated by its effect on body weight. In other cases, eating behavior variables that merely approached significance in models that did not include BMI reached significance once BMI was added (for example, the OR for disinhibition in a model examining low back pain was 1.04 [ p ϭ .098] without BMI as a covariate and was 1.06 [ p ϭ .031] with BMI). In models adjusted for BMI, disinhibition was associated with an increased likelihood of low back pain and constipation, and hunger remained associated with an increased likelihood of eczema. Disinhibition also remained associated with a decreased likelihood of eczema, whereas associations of restraint with morbidity were again insignificant (all p Ͼ .09). Notes : ␤ ϭ unstandardized beta coefficient; SE ϭ standard error; OR ϭ odds ratio; CI (OR) ϭ 95% confidence interval of OR; D ϭ disinhibition score (Stunkard and Messick, 1985 [1] ); Age ϭ current age (y); HRT ϭ hormone replacement therapy (no/yes); education level (low/high, see Methods ); H ϭ hunger score (see Stunkard and Messick, 1985 [1] ); prior smoking (never/ever).
*Models for all 22 reported morbidities were analyzed; models for which no examined independent variable was significant are not shown. † All independent variables were analyzed in each model; nonsignificant independent variables are not shown. Figure 1 . Odds ratios (ORs) with 95% confidence intervals for significant independent associations of dietary disinhibition and hunger scores (1) with specific reported morbidities. Logistic regression models from which ORs were calculated were adjusted for current age, prior smoking status, hormone replacement therapy, and education level, but unadjusted for body mass index. To facilitate comparison among variables, each OR was standardized to reflect a 1-standard-deviation increase in the respective eating behavior subscale (i.e., 4.1 and 3.4 units for disinhibition and hunger, respectively).
Significant associations of eating behavior with health conditions, after adjusting for confounding variables including BMI, are shown in Figure 2 . Again, ORs have been standardized to reflect a 1-SD increase in each EI subscale.
In multiple linear regression models predicting reported blood pressure, disinhibition was associated with diastolic blood pressure (partial r ϭ .097, p ϭ .019) in a model unadjusted for BMI. However, disinhibition was no longer significant once BMI was added as a covariate; only age and BMI were significant in the fully adjusted model (partial r ϭ .120, p ϭ .004; partial r ϭ .230, p Ͻ .001, respectively). In a model predicting reported cholesterol values, education level was negatively associated with cholesterol value (partial r ϭ Ϫ .105, p ϭ .019), but no eating behavior variable was significant (all p Ͼ .065).
D ISCUSSION
In this study, higher dietary disinhibition and hunger scores were associated with small alterations in reported morbidity risk in a large population of nonsmoking older women. In general, higher eating behavior scores were associated with increased risks of morbidity. Whereas the magnitude of risk associated with higher disinhibition and Note: BMI ϭ body mass index (kg/m 2 ); ␤ ϭ unstandardized beta coefficient; SE ϭ standard error; OR ϭ odds ratio; CI (OR) ϭ 95% confidence interval of OR; Age ϭ current age (y); D ϭ disinhibition score (Stunkard and Messick, 1985 [1] ); HRT ϭ hormone replacement therapy (no/yes); education level (low/high, see Methods); H ϭ hunger score (see Methods); prior smoking (never/ever). *Models for all 22 reported morbidities were analyzed; models for which no examined independent variable was significant are not shown. † All independent variables were analyzed in each model; nonsignificant independent variables are not shown. Figure 2 . Odds ratios (ORs) with 95% confidence intervals for significant independent associations of dietary disinhibition and hunger scores (1) with specific reported morbidities. Logistic regression models from which ORs were calculated were adjusted for current age, prior smoking status, hormone replacement therapy, education level, and body mass index. To facilitate comparison among variables, each OR was standardized to reflect a 1-standard-deviation increase in the respective eating behavior subscale (i.e., 4.1 and 3.4 units for disinhibition and hunger, respectively).
hunger scores was generally small, differences in risk between individuals with the lowest disinhibition or hunger scores and those with the highest scores may be more pronounced (for example, OR for constipation is 4.7 when comparing lowest with highest disinhibition score).
Associations of disinhibition and increased morbidity have been reported previously. In a large population of obese patients undergoing weight-reduction therapy, patients electing surgical intervention had significantly higher BMI, higher disinhibition and hunger scores, lower restraint scores, lower self-reported health status, and greater depression and psychosocial dysfunction at baseline compared with obese controls (12) ; however, the association of eating behavior with health status independent of body weight was not examined. A similar result was observed in a study that examined eating behavior in relation to mental and physical health-related quality of life in overweight and obese subjects (11) . Numerous other studies have also reported associations between dietary restraint and physiological alterations related to bone mineral density and reproductive and endocrine function (8, 9, (13) (14) (15) 22) . However, to our knowledge, no previous study has examined the association of eating behavior with specific long-term, self-reported health and illness parameters in older women.
In this study, we examined the relationships of eating behavior and morbidity in regression models both adjusted and unadjusted for BMI. Higher disinhibition scores were associated with an altered risk for six specific morbidities (including diastolic blood pressure) in models unadjusted for BMI. However, disinhibition is also associated with BMI (17) , and once our models were adjusted for BMI, the number of these significant associations dropped to three. These analyses, combined with the known morbidity risk of overweight and obesity (23) , suggest that in this study population, the influences of eating behavior on morbidity act primarily via mechanisms mediated by body weight.
Several limitations to our study deserve mention. One limitation is our inability to identify or exclude subjects with diagnosed or self-reported depression, a potential confounding variable. Another limitation is the use of selfreported morbidity, anthropometric measures, and blood pressure and cholesterol values. Additionally, the direction of association in our models is unclear, and eating behavior may either influence disease risk, or the presence of disease may influence eating behavior. However, limited evidence suggests that higher disinhibition scores may be associated with dietary patterns that promote the development of disease, such as increased consumption of sweets and butter/margarine (24) , decreased consumption of vegetables (Megan A. McCrory, unpublished data, 2001), and increased reported intake of dietary fat (25) (26) (27) (28) . Thus, highly disinhibited eaters may have a greater intake of highly refined foods, which may put them at increased risk for constipation and disc disease/low back pain (via decreased dietary fiber and calcium intakes, respectively). Further research is needed to examine potential mechanistic relationships between eating behavior and eczema.
In conclusion, our results suggest that higher disinhibition and hunger scores are associated with small alterations in reported morbidity risk in a large population of nonsmoking older women; no association of dietary restraint and morbidity risk was observed. Although our cross-sectional study design makes the directionality of these relationships unclear, our results indicate at most a relatively minor independent association of eating behavior with morbidity.
